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History: B Mass and Lifetime

« Upsilon observation 1978
— 3rd generation exists
— Mass about 5 GeV

» Lifetime observation 1983:

— Lifetime = 1.5 ps-'
— Enables experimental
techniques to identify B’s
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Why B Physics?

* New physics could contribute
to B-decays

— SUSY particles can contribute
in addition to SM patrticles

— /' bosons could also alter the
effective couplings

S

« Complementary to direct

searches



B Physics at Hadron Colliders

e Pro’s ~60 mb- -

— Large cross section: 18 ub
* 1000 times larger than at B-

Total Inelastic Cross—Section

— 5000 x

factories
— Produce all B-hadron
SpeCieS: % 104; Y 1145} .{—I nb
» BY, BL, Ay, B : e
. Con,s Ez 1035 054 1058 1062
— No reconstruction of neutrals  § " |
(photons, n¥'s) Sl
o . . R LN o,
— difficult to trigger, bandwidth 3 “‘“’“‘
restrictions L A

— Messy environment



A typical B-decay event
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The SVT Trigger at CDF

e trigger B, — D.m, B, — D I+

Primary Secondary
Ve rtex.- L Xy Vertex E
[ -~ B

d, = impact parameter

E_ '|mm P> 2 GeVic; Yy {ﬁi |nc|udes

_ = o=4/um m
e trigger extracts 20 TB /sec ;:23 a bei?#spnt
e “Unusual” trigger requirement: £ 12000 |

« two displaced tracks: E } |
(pr > 2 GeV/c, 120 um<|d;|<1mm) / \
e requires precision tracking in SVX = s«m |

I ' §
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: -A
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Particle Identification
795em A -

- = -

« TOF detector measures

:4.'3111 W/m G:D

time of arrival in at |
r=140cm
— Resolution 119 ps

— Time depends on particle
mass: :

14{} cm

° For M >O V¢C TOF measured - expected , unbiased | | unbiased

EEEEEEEEEE

* Measure pulse height in
COT, dE/dX a_eurly arrival tishe

| or late tO
19°E K 1ooks like

— lonization depends on

particle species

or early t0
T ‘loolfs lil‘<e K/lrI
1 -08-0.6-04-0.2 -0 0.2 0.4 0.6 0.8 1
[ns]




Particle ldentification Results
dE/dx

« Separate kaons from pions

— dE/dx gives 10 separation for
p>2 GeV

— TOF gives better separation
at low p

« Used for:
— Kaon/pion separation

o — Electron tagging
24 f
o _K |
g3 K-t from
s I dE/dx
Q] 2_
o
O
o R
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J/Psi signals

Superb calibration signal
Yields:

_ CDF 2.7M / 360 pb-!
_ DQ@: 0.4M /250 pb!

Mass resolution ~1%

— CDF: 12 MeV
— DJ: 60 MeV

Used to calibrate:

— Magnetic field

— Detector material

— Momentum resolution
— Hadron calorimeter

x10°  CDF Run Il Preliminary: L ~ 360 pb'1
1800F
o 1600
“-__‘ -
> 1400 Jly—pp N:2735K = 2K
- S/B: 2735K/360K
0: 12.0 £ 0.0 MeVic?

Me
]

1000F-
800F-

[=p]
(=]
(=]

400F-
200

Events / 2|

ok L "
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Mass(u'1) [GeV/cz]

Jhy Invariant Mass

=
=
=5000
s

w
=

@
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2000
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e~ - S
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GeVic?
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Lifetime Measurements: B.°,A,, B,

Measure lifetimes of
many B hadrons:

o Le, Mg
f” Ij‘}‘;j Y P |

 Why?

— Tests theoretical

predictions:

« Electroweak and strong
sector play role

— Demonstrates

understanding of vertex
resolution/detector

* Important for both low and
high P+ physics programme

Candidates per 50 um

-
<%

S

-t
=

DO, 0.4 fb™

#dof = 1.06

0 01 02 03 04 05
Pseudo Proper Decay Length (cm)

CDF Run 2 Preliminary : ~360 pb’

EL Jhy+electron
B, B —— data

210 C — fit total

o L Jiiy B, signal

= Py backgrounds
510 prob.=14.8 %

‘1,;

TR .‘-'rl. L
0 500 1000 1500 2000

-1
104000 — -500

Pseudo-Proper Decay Length (.um)

1



A, Lifetime

« Standing puzzle at LEP

— Why is the lifetime so much
shorter than that of the other B
mesons

— Measurement were mostly
made in semileptonic decays
due to low stats

 New at Tevatron

— Measurements in fully hadronic
decay modes

— Indication it may be higher in
those modes
* Are we missing anything in
semileptonic decays
— Other than the neutrino???

Entries / 40um

0 0
.e'"'n.b - JJ"IP A COF Il Preliminary 1.0 fb”

-2000

1000

« Data

Signal
— Bkg
— Signal+Bkg

Ct=477.6x 24 2 nm

0 1000 2000 3000 4000

Proper Decay Length (um)
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Summary of Lifetimes

Good agreement with PDG world
average

— Mostly LEP data

— Precision similar

Theoretical predictions mostly
confirmed

Outstanding questions

— Is By lifetime really shorter than B
lifetime?
— Is A, lifetime really shorter?

— Are the semileptonic measurements
systematically lower than the
hadronic ones?

Will be answered with increasing

data samples

Theoryg  A.: hep-ex/0505100 (HFAG)
B.: Pfucl. Phys. B585,353 (V.Kiselev et al.)

PDG 2005
1.23 +0.07 5 2

DO (L=210 pb™)
122+ 920 . 004 —— Ab

~ 0180 —

CDF (L=1000 pb")
1.59 £ 2082 003 ~g-

o078 —

0.5 1 1.5
b Hadron Lifetime (ps)




B, mixing

15



Cabibbo-Kobayashi-Maskawa Matrix

CKM Matrix Wolfenstein parameterization

Vi Vi Vo) [ 1-272 A AN (p-in)
Veerr =\ V., V. V,|= -1 1-A7/2 AN + 01

Ve Ve Vo) \AX(A-p-in) -aAX 1

Vy, ~ A2, V,, ~A3, 1=0.224+0.012

A=(p.n)

* Is this 3x3 matrix unitary?

— 4th generation quarks?
— New forces? E.g. SUSY?

« Measure each side and
each angle:

C=(0.0) B=(1.0) — Do all measurements
cross at one point?
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B Mixing

Neutral B Meson system

|B >= (bs); |B >= (bs)

Mass eigenstates are mixture of
CP eigenstates:

with |Ju';r|h - |rj.r|h — 1

B, and B may have different
mass and lifetime

- Am=M,-M_
(>0 by definition)
— AI'=Ty- I' where I'=1/t

08 Production Flavor = Decay Flavor

S0.7F
0.6
0.5}
0.4f
0.3}
0.2F
0.1
00—y

Decay Time [ps]

p(t) = 2—11 eV 1+cos(Amt)]

« Thecaseof A =0

—t/T
p(B — B) = c (1 4 cos Amt)
T
—t/T
p(B — B) = 62 (1 — cos Amt)
T

17



B, mixing and the CKM Matrix

b u,c,t Vis i Ratio of frequencies for B® and B,
Wé gw Ams mBs fst Bs I/fsz mB g V 2
s— Veuoc: b Am,  mpg, de Bd ‘ ‘ ‘ ‘
b mﬂwvts 5
£=1.210 +8 ggg from lattice QCD
u, ¢, t fu.ct (hep/lat-0510113)
TTTVewW T Vi~ A2,V ~A3, A=0.224+0.012
A=(p.n)

/I Constrain side of triangle: ‘

P Val? = 220 —p)
Vial’ 2, 2
= (I=p)"+n~ .
Vsl

C=(0,0) B=(1,0) 18



Unitarity Triangle Fit

- just for illustration, other fits exist
+ CKM Fit result: Amg: 18.3*%2 (10) : *'14(20) ps™

0_7 B 1 T I T T T ! T T T I T T T I T T T I T T T I T T ]
06 B 2Sin2p Amy ©y Am_& Am,, % 3
s ds : EPS 2005 1
0.5 Eﬁ\ Ny S /—\ \\ -
Iy~ ;
04 F < — e =
=y S T sol. w/ cos 2 <0 ,
0.3 % (excl. at CL >0.95) _:
C SK ]
0.2 .
0.1 :—,: |Vub/\/cbl
0 ] m oo
-0.4 -0.2 0 0.2 0.4 0.6 0.8 1

o from Amy
Lower limit on Am, —> from Am /Am,




The "Big” Picture

“same” side

i fragmentation
i i kaon +
K& | K
D meson -
_‘_‘_‘_‘_‘_|_‘_‘_‘_‘—|_

b hadron N

“‘opposite” side

significance of measurement

1 SeD?2  (Amsay)?
— e 2
o >

/

S

S+ B
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Flavour tagging

N

H‘IEEGH

“same” side

-

b hadrnn

“‘opposite” side

m
ct=L,,—2

Time resolution

_(Amsgt)z\/ S
e 2
S+ B

Flavour tagging ‘ B signal efficiency

Q|+
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Time resolution

“same” side

fragmentation
i kaon K

D meson ~
b hadron

“opposite” side

1 \/@ . Amégo't)z S
B e
g 2 S+ B

‘ Time resolution ‘ B signal efficiency

22



Signal ldentification

“same” side

e’M : m
i fragmentation
K | K
D meson - o
_—'_—‘——-—_____ -
b hadron 2 K
: : P.V. ! B I b
“‘opposite” side ; |
Ly
it -
i m
ct= ny?:

1 SeD? _<Am§at> S
T =y o
o 2 S+ B

‘ B signal reconstruction |




Semileptonic vs Hadronic Decays
.
/s év, W “A@M

.
— 13 _ os®
o R
3 Y

b C b C
0 D 0 N
B, [s sJ S 5 [s S*DS
« Semileptonic: « Hadronic:
— High statistics: — Lower statistics:
50K events e 4K events
— B momentum not known — Full reconstruction of B
* Neutrino missing momentum

* Requires average
correction factor K

m(B m(B _

_ Poorer time resolution — Excellent time resolution

o(ct) =/ (ou(ct)? + (ct - 2222

24



10000+

5000+

Candidates per 1 MeV/c”

Semileptonic and Hadronic Signals

Semileptonic: B, —1vD,

CDF Run Il Preliminary L=1fb"

—— Data
— Fit
B, Signal

Combinatorial + False Lepton

x’f\\
AN

194 196 198 2
D mass [GeWcz]

B, — 1D, X
~ - DO Runll & 1fb"
3 6000 9
O C (a)
™ E
o -
S 4000 —
B o
e C
c r
2 2000 —
L -
oE |

IV’(KK)TE

I1.8| B 1|9 - 2|0 T
[GeV]

CDF Run Il Preliminary L =1fb"

o —— Data

£ 3000 — Fit

%’ B, Signal

= =

0 — Physics Background

% 2000 - Combinatorial + False Lepton
a

w

L

°

2 1000

-

@©

O

0
2

B,—1D,X lepton-D mass [GeV/c]

Lepton SVT Track

Hadronic: B, =nD,

CDF Run Il Preliminary L=~1fb"
—— data
™ = .
L — fit
= 600
m -
= B,—» D, n*
Q satellites
—
D 400 combi bkg
n 0 )
2 B*-Dnx
@®
ie) A=A m
©
© 200
@
@)
&
0 |

« Semileptonic decays:

— D@: ~27,000
— CDF: ~53,000

* Hadronic Decays:

— CDF: ~3,700

I R T B R |
5.5 6.0

Mass(o(K'K)rn*) [GeVic’]
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Proper Time Resolution

VPDL error, D, signal

E?DD_ - .
& - D@ Run Il Preliminary
Y00
500 B, —=D,uv
‘]'DD;_ Period of oscillations @ 19ps™
300
200
1au:" ;

D 0005 0.01 DD15 0.02 0.025 0.03 D035 0.4 n.ms[ D.]Etﬂ
., [cm
X

« Semileptonic Decays:

Probabil

ty per 5 um

CDF Run Il Preliminary

o
N
LN

o
h)
P

0.15]

<
—

0.05

0]
o=
5

L=1.00 fb"

B, —» D (3)t*

<> = 25.9 um

o

osc. period at Am, = 18 ps™

[

0.0

— Resolution about 1 oscillation period

* Hadronic Decays:

00 0002 0.004 0.006 0.008 0.0
proper time resolution [cm]

— Resolution 5 times better than 1 oscillation period

10
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Production Flavour Tagging

Same side tagging

Opposite side tagging
b b
s | B
C S _
( u,d } K
u, d
* Opposite side tags:
— Only works for bb production mechanism
— Used by CDF (¢D?=1.5%) and D@ (¢D?=2.5%):
» Lepton (muon or electron) or jet charge
* Same side tags:
— Identify Kaon from B, fragmentation Niag
— CDF: eD2=3.5-4.0% €= N,
« Figure that matters: ¢D? D — Nright =Nuwrong
— Efficiency ¢ of tagging (right or wrong) Ntag

— Dilution D is fraction of correct tags

27



Same Side Kaon Tagger Crosschecks

CDF Run Il Preliminary L =355 pb'1
B" = JlyK" | - data —

| = MC
B —>50 n* a -

syst.

B* D’ 3n
B’ - Jy K"
B > D r* e a——
B° - D 3n

5 10 15 20 25 30
max PID dilution D [%]

« Have to rely on MC to determine performance of Same Side
Kaon Tagger

— Extensive comparison of data and MC in high statistics B modes
« (Good agreement between data and MC => confidence



"Amplitude Scan”: Measuring Am,

In principle: Measure asymmetry of number of matter and antimatter decays:

A(?)

_ N(B! = B))t)- N(B! = B (1)

In practice: use amplitude scan method
* introduce amplitude to mixing probability
formula . 1 T
Py =—I,e * (1+AcosAmSt)
2 s

unmix

1 _
P} = EFBse ! (1 — Acos Amst)
* evaluate at each Am point
« Amplitude=1 if evaluated at correct Am

Amplitude

—

N(B® = B°Y(t)+ N(B® — B, (1)

x cos(Am t) o5

= 1.5¢

<10k

0.0k

050
.00

N S -
1"'O 1 2 3

Decay Time [ps]

CDF Run Il Preliminary L~ 355 pb’

- datat1c A 95%CLIimit 0.3 ps’
1645c sensitivity > 2.0 ps’

data* 1.645 o (stat. only)
Am,t1c

B? . mixing

* Allows us to set confidence limit when 0 114
1.6450=1 HHH
H. G. Moser, A. Roussarie, 4l i | _
NIM A384 (1997) 0 05 1 " s
29



The World Data: PDG 2005

{ = data+ 1o
2__ == 1645

A 95% CLlimit 14.5 ps”

O sensitivity

data+ 1.645 ¢
data + 1.645 c (stat. only)

18.2 ps”

Amplitude

1 PDG 2005 | Am>14.5 ps” @95%CL |

“Sensitivity’:
expected value
1n absense of
stat. Fluctuations

=Shows power
of experiment

0

Primarily data from LEP and SLD:

— Consistent with no mixing within 2o everywhere
— Consistent with mixing beyond 14.5 ps-1

10

» Actual limit worse that sensitivity
« either first hint of signal around 17-20 or statistical fluctuation

Single best experiments sensitivity: ALEPH Am_>10.9 ps!

am [ps’]




Amplitude

o N =
T

Amplitude Scan: Semileptonic Decays

B *dataihj

-_:idala +1.645 o (stat.)
- [Jdata + 1.645 o (stat. @ syst.)

D@ Run Il

__________

1
N

1
IS
|
L
({e]
%
&
o)
r
3,
o
—
-
(o]
&
ml

- --<-- Expected limit: 14.1ps”
1 1 I 1 1 1 1 1 1 L

0 s 10

Result:

— D@ see high value at 19 ps™
« 2.50 from 0: 1% probability to be consistent with no oscillations

« 1.60 from 1: 10% probability to be consistent with oscillation
— CDF consistent with both oscillation and no-oscillation hypothesis
within 1o for Am>15 ps
Sensitivity similar for CDF and D@

— this is a priori measure of analysis power
— D@: 14.1 ps', CDF: 17.3 ps™ (better than best experiment before)

Amplitude

o

CDF Run Il Preliminary L=1fb"

| = datattc a 95% CL limit 159 ps’
7 1.645 O sensitivity 17.3 ps’
| M datat 16450
1 data+ 1645 (stat only)
” Il
] ——
B. =D, "X
——
0 10 20 30

Am, [ps’]
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Amplitude Scan: Hadronic Decays

CDF Run II L=1.0fb"
% | « datax1c & 95% CLIimit 16.7 ps’ /| sensitivity ‘
%_ ] 1.645 O sensitivity  25.0 ps”’
E 21 W data+ 16456
< ' data + 1.645 o (stat. only) ‘+ | ‘
HlT F
0- AN |+ .||+ * ||||l||||l||||l|§'~ | |lm"||"“'H
| 7 / w gl IH il
Y
1B > D, (3)n*BY » D, n* n* 1
o 10 20 30

Amy [ps'1]

« CDF sees 3.50 oscillation signal at Am_=17.3 ps™

— Consistent with oscillations: A=1
— Sensitivity: 25 ps™! (much better that the entire world data! )

» Use likelihood method to quantify signal and measure Am,

32



Combined CDF Amplitude Scan

Amplitude

N

CDF Run Il Preliminary

L=1.0fb"

| = data+ 1o

Alc, (17.25 ps™) = 3.5

I B> I'D, X,B, > D, n*, B, > D, " "

o 10 20

How significant is this result?

30

Amy [p5‘1j
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Likelihood

3 5 —dele
D) 6 [y = 15 - mixing
P % DI Runll, 1 fb CoL "7 no mixing
| CDF
5

0 _I__I.._.I.__]_._;.._I_._.I__.]_..;___I.._.I._.T_.;.._I.___I._.T.__I_u;dl!'_],.._I.___I._.I._._[_._I.._.I___I._.T.__I___.I._._I__.].__I.___I._. T E | | -f | | | | | |
10 14 18 22 26 30 10510 15 20 25 30 35 40 45 50
Ams [ps™'] Am, (ps”)

 Likelihood ratio: Alog(L) = log[ L(A=1) / L(A=0) ]
— likelihood “dip” at signal

« Pseudo-experiments tell us how often this happens randomly:
— D@: 5.0+-0.3% within range of 16-22 ps™
— CDF: 0.5% anywhere at all
* Result:
-1
_ DO set90% CLlimit. | 17<Amg<21ps’ |

— CDF measure: ‘ Amg = 17.33 *042 (stat) & 0.07 (syst) ps™ ‘ 34
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Measurement of Am,

50 CDF Run i 1fb”
g - —— hadronic
=) — semileptonic
L2 15 — combined

Amg = 17.33 222 (stat) & 0.07 (syst) ps

the measurement is already very Am in [17.00, 17.91] ps™' at 90% CL

precise! (at 2.5% level ) Am, in [16.94, 17.97] ps at 95% CL



1-CL

1.2

0.8

0.6

0.4

0.2

! Sk ] 1 CKM fit w/o Am,
| FPCPoe e~ CDF measurement

125 15 175 20 225 25 275 3

Am

S

[ [
0 325 35

New Unitarity Triangle Fit

excluded area has CL >0.95

|
%
2
<
%
o

Significant impact on Unitarity triangle understanding
So far CKM matrix consistent with Unitarity: U*U=1

€

o

sol. w/ cos 23 <0

(excl. at CL>0.95)

L itter
| EPS05+CDF
_1 .5 1 L 1 L | 1 | 1 | |
- -0.5 0.5 1 1.5
p




B,—uw
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Rare Decay: B,—u*u-

SM rate heavily suppressed:

BR(B, — u*u)=(3.5+0.9)x10~

(Buchalla & Buras, Misiak & Urban)

SUSY rate may be enhanced:

— 6 4
BR(Bs — ptp~) o tan® 8/m?
(Babu, Kolda: hep-ph/9909476+ many more)

Key problem:

—  Separate signal from huge
background\

Analysis is performed “blind”

—  First finalise cuts and background
estimates

—  Only then look at data!

More details on SUSY in lecture
tomorrow

(BE UGN | CDF Preliminary: ~360pb”
= : ] : : .
10° 4 : ndﬁ.;: 2.7M : g Triggers:
JPsi
5 .5 . BBbar
10 F\ JH!ZSLWUK Do
[ ——_ Pr.f--_\___t_él_ _
| T Y(1S): 18K
3 3 Y(2S): 3.6K
10 41
|p—
10 {] |
0 2 4 6 8 10 12

Di-Muon Mass(GeV)
J0



B.,—utu~ : Cut Optimisation

Select 80,000 events with

— 2 muons with pr>2 GeV  Zu.fcoriipraliminary | ¢
> s H M 10
— PT(MM)>6 GeV =012-780 pb™ < i

=]
=

— 4.669<M(un)<5.969 GeV 7T
Discriminating variables: .«
1. Dimuon mass
2. Lifetime: A=ct

3. Opening angle between
muons: Ao cut

4. Isolation of B i

Construct likelihood ratio
using variables 2-4

10

P R .:: L 10'4——. TR R R T R .":::
5 5.5 2 0 0.1 0.2 0.3
Muu { GeVl/c Afcm

2w
2] @ n

- —— background
(data

--- Byou'y ;
(Monte Carlo) ::

1/N dN/dAo

o
2 N

0.15-

1/N dN/disolation

cut

-—

0.051-
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B.—u*u : Likelihood ratio

CDF Il Preliminary

3 CMU+CMU
= | u'n, ctlog, > 2
c 3
5 10
-+ -Packground
) signal —%.
107 (By— 1)
10
| | | | |

| | | |
0 0.2 0.4 0.6 0.8 1
Likelihood Ratio

Cut optimised to yield maximal Signal/NBgd: L>0.99
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B.—u*u: Background Prediction

« Background:

— Random muons from cc and bb
— QCD jets — n/K—u+X
— Cannot estimate using MC =>

use “side bands”

« Define control regions

— Lifetime<O0 (due to

misreconstruction): “OS-"
— Muons with same charge: “SS”
— Fake muons that fail certain ID

cuts: “FM”

CMU-CMU

sample Lr cut pred  obsv prob(%)
> 0.50 |[459 £ (12) 483 4l
08 >090| 62£(4) 73 12
> 099 |[4.8+(1.2) 9 8
S 050 (AL (L) 4 40
5SS+ > 0.90 < 0.1 0 -
> 0.99 < 0.1 0 -
> 050([66L (1) 7 49
$s- >090l[06x(04) 1 45
> 0.99 < 0.1 0 -
S 050 188 £(8) 159 3
FM+ >090| 34+£(3) 24 7
>099(|45+£(1.0) 9 6

Data agree with background estimates in control regions
=> (Gain confidence in background prediction!

41



 Does MC reproduce cut variables?

« Use B*—Jhp+K™* as control sample
— E.g. test isolation cut of 1s0>0.65

s

entr

Signal Acceptance

— MC models data well

« Disagreements taken as systematic

uncertainty

CDF Il Preliminary

1|]|]|:.-_'C'H1U'EMU
aoal points: Data H
histo: Monte Carlo
GO il
+* Prob=0 %
a0
aoa|-
g |.|5_'_.
0 ’ B I
(1] 0.2 04 06 08 1
lzolation

2

CDF Il Preliminary

w1400 P
> - 780 pb |
s |
1200/
8 I
£1000[ :
2 N(B) = 5763+101
800
- p:(B)>4 GeVic
600} In(w)I<1.0
400
+++4-\ bt - +
T A T H
zoo_l I IR R B A RN B A | | | L1

B*— Jfyp K'— p*u'K*
p;(B') >4 GeVic
hlu)l < 0.6

(]
a
=
=]

-
o
=
=

- Prob = 90 %

entries S 0.05 em

1003

=

e,
.\_“‘_\—I'I'I'\-I—_—\_,— -

|]_

Ao rad

N 1 N |
0 02040608 1 121416

5.25 5.3 5.35 5.4
invariant mass / GeV/c?

=> Let's open
the blind box!




Evenl=oMaV

Opening the "Box™: B,—u*tu-

_ CDF Il Preliminary (780 pb™) " &MU-EMY
D@ CDF o [ e
858 . s . .
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Calculating a limit

Different methods:
— Bayes
— Frequentist

Source of big arguments
amongst statisticians:

— Different method mean different
things

— Say what YOU have done

— There is no “right” way

Treatment of syst. Errors
somewhat tricky

« But basically:

— Calculate probability that data
consistent with background +
new physics:

* P=e“uN/N!

* N = observed events

« parameter wis Ngg+ N, .,

* P=5% =>95% CL upper limit
on N, and thus
oxBR=N__ /(alL)

E.Q.

— 0 events observed means <2.7
events at 95%C.L.

new
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Opening the "Box™: B,—u*tu-
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What did we learn from B Physics
about New Physics?

s Mmr b

i‘““‘- 107 Laadbee “ )9 a //OW

=~ PE 2" o(B. 7 W e

=

’l;n d 40 \Ud d

= -8 30 eXC

z Mgy =1TeV
” X, =1 TeV

10_9 - D@ - 100 120 120 IR:IA{(?;EV} 200 7 240
0 5 10 15 20 25
AfﬁBS (pS“1)

SUSY contributions

— affect both B, mixing and B, —utu-

— Strong constraints on SUSY at large tanfs and small m,
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Conclusions

* New Physics could contribute to B hadron
properties:
— At hadron colliders

* b-production cross section is 1000 times larger than at
the B factories

» all kinds of B hadrons are produced: By, B, A,, B,
— The A, lifetime is an interesting topic

— First evidence of B, meson oscillations:
 Measurement Am_ = 17.33 942 (stat) & 0.07 (syst) ps"
— Search for B,—uu yields strong limit
* sensitive probe of New Physics

* No evidence for new physics contributions
(yet)
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Backup Slides
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Real Measurement Layout

15 Mixing Asymmetry

< A(t) = cos(Am.t)

1.0 /‘ | i_
- -
D TR -
-1.0; o \ ‘ e\ s 2 /b-rift
' <

A ‘ 1.5¢
Decay Time [ps] Caloimetar - g 10k
/
momentum resolution 0.0k~
displacement resolution 05

flavor tagging power

I 2 3
Decay Time [ps]

scan for signal:
A(Am_=15 ps )= ? \ .
s Unbinned

Likelihood
measure frequenf/ Fitter
Am =7 p ~ e"[1+AD cosAmi] v R(t)
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Amplitude

Amplitude

Combining Tevatron with the World

« data+1c 4 95% CLlimit 16.7 ps”

1--1645¢ O sensitivity 254 ps”

data+ 1.645 ¢
data + 1.645 o (stat. only) IMI

+ data+ 16 4 95% CLlimit 16.7 ps”
Lr 21 ..16456 O sensitivity 254 ps’ \

datat 1.645¢
data + 1.645 o (stat. only) Ilu'|

Amplitude

CDF Winter 2006

-1 Tevatron Winter 2006

o 10

20 30

10 20 30

[
3
i~
m.
—!
O

{ = datat 16 & 95% CLlimit 16.7 ps’
1 --16456 O sensitivity  25.4 ps”

data+ 1.645 ¢

data + 1.645 o (stat. only) lHﬂ |

Tevatron Winter 2006 + PDG

I1bl

20 30



Likelihood Significance

2500/
B randomized tags

xpected for Am.=18 ps’’

2000N-

significance

15000
1000L

500

| I I O A | |I|||III|III
0 2 4 6 8 10 12 14 10" Lol b b e b 1y e Leres e
max 101234586 7 8

Alog(L)

Alog(L)™

« randomize tags 50 000 times in data, find maximum Alog(L)
* in 228 experiments, Alog(L) > 6.06
* probability of fake from random tags = 0.5% — measure Am_!
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Hadronic Lifetime Measurement

SVT trigger, event selection
sculpts lifetime distributioﬁrigg\er” turnon

correct for on average using- \
efficiency function:

p = e'thy R(t,1) -&(t)

efficiency functiW

contributions: o
— event selection, trigger ]

pattern limit
Idgl <1 mm

details of efficiency curve 0-03;} hhencmm—

— important for lifetime measurefifent 02 0.4

— inconsequential for mixing measurement

proper time (cm)
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Hadronic Lifetime Results

CDF Run Il Preliminary L=1fb"

—— data

— fit
B, — D, (3)n*
random bkg.

B B8°»D @
A, = AL (3)T

Lifetime [ps]

Mode
(stat. only)
BO - D&t 1.508 £ 0.017
B-— DOx 1.638 £ 0.017

B, — D, m(mx) 1.538 + 0.040

candidates per 30 um

0.0 02 04
proper time [cm]

» World Average:

B — 1.534 + 0.013 ps™
B+ — 1.653 + 0.014 ps
B, — 1.469 £+ 0.059 ps™’

Excellent agreement!
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Calibrating the Proper Time Resolution

_ COF REun 1l Preliminary
trigger tracks ; . — D data

prompt track

T

/ -
,~ Dg vertex
/

7/

}" “By’ vertex ]fﬁ) ﬂ L (l

P.V. 02 01 00 01 02
proper time [cm]

candidates / 20}
%ﬁh
—_—

 utilize large prompt charm cross section
 construct “BO%like” topologies of prompt D- + prompt track

« calibrate ct resolution by fitting for “lifetime” of “B%-like” objects
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